Extracorporeal membrane oxygenation (ECMO) has been used infrequently as a bridge to lung transplantation due to lack of consensus and data regarding the benefits of such a strategy. We present data from the United Network of Organ Sharing (UNOS) database on the outcomes of patients bridged to lung transplantation with ECMO. We used the UNOS database to analyze data between January 1, 2000 and December 31, 2011. During this time 14,263 lung transplants were performed, of which 143 (1.0%) were bridged using ECMO. Patients on ECMO as a bridge to lung transplantation were compared to those transplanted without prior ECMO support. Demographics, survival rates, complications, and rejection episodes were compared between the two groups. The 30-day, 6-month, 1-year, 3-year, and 5-year survival rates were 69%, 56%, 48%, 26%, and 11%, respectively, for the ECMO bridge group and 95%, 88%, 81%, 58%, and 38% respectively, for the control group (p ≤ 0.01). The ECMO group incurred higher rate of postoperative complications, including airway dehiscence (4% vs. 1%, p ≤ 0.01), stroke (3% vs. 2%, p ≤ 0.01), infection (56% vs. 42%, p ≤ 0.01), and pulmonary embolism (10% vs. 0.6%, p ≤ 0.01). The length of hospital stay was longer for the ECMO group (41 vs. 25 days, p ≤ 0.01), and they were treated for rejection more often (49% vs. 36%, p = 0.02). The use of ECMO as a bridge to lung transplantation is associated with significantly worse survival and more frequent postoperative complications. Therefore, we advocate very careful patient selection and cautious use of ECMO.
INTRODUCTION
With the demand for donor lungs continuously outpacing their availability, transplant surgeons have long sought temporizing measures to sustain recipients awaiting transplantation. Although mechanical ventilation has been used as a conventional bridging modality, certain pathologic aspects of candidates awaiting lung transplantation limit the practical utility of this option (e.g., idiopathic pulmonary fibrosis and primary pulmonary hypertension) including chronic airway damage resulting from barotrauma associated with prolonged positive pressure ventilation. Heretofore, extracorporeal membrane oxygenation (ECMO) has been used infrequently as an alternative bridge to lung transplantation with mixed outcomes [1] [2] . Within the past few years, however, there has been renewed interest in using this bridging technology in waiting recipients who otherwise would not have survived. Advantages of ECMO over mechanical ventilation as a bridging modality lie in its capacity to not only rest the lung parenchyma and avoid the complications associated with prolonged intubation but also to reliably achieve full oxygenation and adequate carbon dioxide removal. Prior single institution studies have been encouraging but handicapped with small patient cohorts [1] [2] [3] [4] [5] [6] . We present data from the United Network of Organ Sharing (UNOS) database on the outcomes of patient bridged to lung transplantation using ECMO to reflect the global experience among centers applying this bridging strategy. This data can be used to help refine application of ECMO to this challenging patient population.
MATERIAL AND METHODS
The Yale University School of Medicine Institutional Review Board approved this study. A retrospective analysis of the UNOS database, from January 2000 to December 2011, was performed to compare the outcomes of lung and heart-lung transplant recipients that were bridged to transplant with ECMO versus those recipients that were not (control group). During these 11 years, 14,263 lung transplants were performed, of which, 143 patients (1.0%) were bridged to transplant using ECMO. Both primary and retransplants were included. Only patients 18 years old or older were included in the study. As the database does not separate veno-arterial from veno-venous ECMO, all bridged patients were included regardless of the type of ECMO. Donor and recipient characteristics were compared for each group with univariate and multivariate analysis using SAS 9.3 (Cary, NC, USA) statistical software. The primary end points included 30-day, 3-month, 6-month, 1-year, 2-year, 3-year, 5-year, and 10-year mortalities. Continuous variables are presented as a mean ± SD and the range. Categorical variables are displayed as frequency of distribution (n) and percentage (%). Kaplan-Meier curves were used to show survival outcomes. The p-values for continuous variables were calculated using a Student's t-test, and chisquare analysis was used for categorical variables. For all comparisons, two-tailed p-values less than 0.05 were considered statistically significant. Multivariate analysis was performed using the Cox proportional hazards model. All variables that showed statistically significant results using univariate analysis were included in the multivariate analysis.
RESULTS

Donor characteristics
Donor characteristics were similar between the two groups (Table 1 ) with the exception that there was a higher percentage of lungs from male donors that were transplanted into the control group (60.0% vs. 51.1%, p = 0.03). Multivariate analysis did not show this to be statistically significant (p = 0.389, HR: 0.96, 95% CI: 0.875-1.05). The causes of death among donors was not statistically significant between the two groups (p = 0.07) with the most common causes for both groups being head injury and stroke accounting for 79.72% of lungs used in the ECMO group, and 87.3% in the control group (Table 1 ). There were a higher percentage of lungs used from patients that died from anoxia in the ECMO group (16.8% vs. 9.6%). The causative mechanisms of death among the donors were also similar between the two groups, with the most common mechanisms being gunshot wounds, blunt injury, and stroke. Notably, 3.5% of donor lungs in the ECMO group and 2.0% of donor lungs in the control group were taken from people who died of asphyxiation. 
Recipient characteristics
The recipients in the ECMO group tended to be younger, with an average age of 47 years versus 52 years in the control group (p ≤ 0.01) ( Table 2 ). The control group recipients were more likely to have a history of tobacco use (62% versus 47%, p = 0.01). This, however, was not shown to be significant using multivariable analysis. ECMO recipients also were more likely to require pretransplant dialysis 12% versus 0.4% (p ≤ 0.01), more likely to have a history of malignancy 7% versus 5% (p ≤ 0.01), more likely to have had prior lung surgery (nontransplant) between the time they were listed and the time they were transplanted (21% versus 8%, p ≤ 0.01, and more likely to have had a previous lung transplant (19% versus 4%, p ≤ 0.01). None of these differences, however, were found to be statistically significant by multivariate analysis (Table 3) . ECMO patients were generally sicker with higher mean pulmonary arterial pressures and supplemental oxygen requirements. They were also more likely to be on some type of life support (i.e., mechanical ventilation, inotropes), and their hospital stays were longer (41 days versus 25 days, p ≤ 0.01). Fifty-one percent of ECMO patients were mechanically ventilated prior to transplant versus just 4% in the control group (p ≤ 0.01). As would be expected, the Lung Allocation Score (LAS) was higher for the ECMO group (p ≤ 0.01). ECMO patients were also more likely to receive a double-lung transplant as opposed to a single-lung transplant (74% versus 58%, p = 0.01), and had greater graft ischemic times (p = 0.01). The most common diagnoses among transplant recipients were Idiopathic Pulmonary Fibrosis (IPF), Chronic Obstructive Lung Disease (COPD)/Emphysema, and Cystic Fibrosis ( Table 4) . The most notable difference in the preoperative diagnoses was that 9.1% of ECMO patients and only 0.5% of control group patients were retransplanted for acute rejection/primary graft failure.
Survival
The 30-day, 90-day, 6-month, 1-year, 3-year, 5-year, and 10-year survival rates were 68.5%, 59.4%, 55.9%, 47.7%, 25.5%, 11.2%, and 0%, respectively, for the ECMO group and 95.1%, 91.3%, 87.6%, 81.0%, 57.5%, 38.4%, and 5.1%, respectively, for the control group (p ≤ 0.01) ( Table 5 ). Kaplan-Meier curves for both groups are illustrated in Figure 1 . Although the donor and the recipient characteristics were similar, patients bridged with ECMO were, in general, sicker requiring ventilator support while on the list 53.2% of the time versus 5.7% in the control group (p ≤ 0.01) and more frequently required other forms of life support. When survival outcomes were separated out on the basis of prior transplant, retransplant patients exhibited worse survival in both groups (Figure 2) . Similarly, survival was worse for the patients receiving a single-lung transplant compared to patients receiving a double-lung transplant in either of the groups (Figure 3 ).
Postoperative complications
The ECMO group experienced a significantly higher rate of postoperative complications, including the need for blood rejection episodes posttransplant 10.5% versus 6.9%, though this was not found to be statistically significant (p = 0.09) ( Tables 7-8 ).
DISCUSSION
In this study, we analyzed the UNOS database to compare the outcomes of patients who were bridged to lung transplantation with ECMO to recipients who were not over an 11-year span. We believe this to be the largest multicenter cohort of ECMO-bridged lung transplant recipients to date. Our analysis suggests that there is no survival benefit afforded to lung transplant recipients bridged with ECMO. Contrary to many recently published studies, recipients bridged with ECMO fared very poorly with a third dying within the first month and barely attaining double-digit 5-year survival rates (11%). From a different perspective, however, the ECMO-bridged group was comprised of much sicker patients, more often requiring some form of life support. Furthermore, they had higher lung allocation scores, longer graft ischemia times, and were more likely to have had prior lung surgery (nontransplant), while on the waiting list. Finally, many of the ECMOsupported patients had refractory and severe pulmonary hypertension as indicated by the use of both inhaled and infused prostacyclins as well as nitric oxide (Table 9 ). This likely represents a risk factor for poor outcomes after lung transplantation [7] . In practical terms, most of these transplants should be considered "salvage" attempts. Indeed, the double-salvage strategy of using ECMO for primary graft failure followed by another lung transplant lead to dismal outcomes ( Figure 2 ). We also found that ECMO-bridged lung transplant recipients experienced a higher rate of posttransplant complications, including airway dehiscence, stroke, need for posttransplant dialysis, serious infections, pulmonary embolism, blood transfusion requirements, and the need for another surgical procedure. Although some of these complications can be attributed to the sicker nature of these patients, others may be direct complications of ECMO itself. Naturally, some exceptionally good results with ECMO bridging have been achieved in a handful of transplant centers [1] [2] [3] [4] [5] [6] . Our study has some inherent limitations. First, the database is limited to the amount of detail that is provided for the ECMObridged recipients. It does not differentiate between venovenous and veno-arterial ECMO. Nor does it specify the length of time that patients were on ECMO support. The database also has missing data; therefore, our analysis was limited to the variables with enough data. Despite these limitations, the survival outcomes are clear. Second, there are certain important questions that this study was not able to address, including the optimal time to institute ECMO support and when bridged patients should be deactivated while on the waiting list. Third, although the ECMO-bridged recipient cohort in the present study is the largest published to date, it is a relatively small (i.e. 143 patients), compared to the nonbridged group. Despite recent publications [3] [4] proposing that ECMO is safer owing to improved technologies, it is likely that better selection of patients for ECMO has also contributed to better outcomes. Our analysis confirms that salvage ECMO for primary graft dysfunction/acute rejection followed by another lung transplant is associated with extremely poor outcomes. This finding has important implications, given the scarcity of donor lungs, we suggest that firm criteria for instituting salvage ECMO should be instituted. Although outcomes associated with ECMO in adult patients have improved over time, its use as a bridging strategy in the sickest of lung transplant recipients has yielded relatively poor survival rates and should be carefully scrutinized with prospective trials.
CONCLUSION
The use of ECMO support as a bridge to lung transplantation is associated with significantly worse survival and more frequent postoperative complications. Therefore, we advocate very careful patient selection and cautious use of ECMO in this capacity. 
